
wastewat: 




CREDIT RIVER 










ONTARIO WATER REJ 



T<W' 



TD 
735 
.W37 
1965 

MOE 






|^:^^g^j^: 






'f»»9lnw*^^'*^ 



■-^^^jafH 



&^ ■■ '-^i-;^>*- '■'^if^^'^-' 



-;m^i'.^-.?:?% 



■^^-^**i^ 



'^IT'-' t" ""l ■ 



TD Wastewater assimilation in the 

735 Black Creek tributary credit river. 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown 
copyright (unless otherwise indicated), which is held by the Queen's Printer 
for Ontario. U may be reproduced for non-commercial purposes if credit is 
given and Crown copyright is acknowledged. 

It may not be reproduced, in all or in part, part, for any commercial puiposc 
except under a licence from the Queen's Printer for Ontario. 

For information on reproducing Government of Ontario works, please 
contact Service Ontario Publications at copvri^ht@ontario.ca 



%^(U 



1 ,? '^-■■,- V ']? 



PDCKbr^. 



WASTEWATER ASSIMILATION 
IN THE 
BLACK CREEK TRIBUTARY 
CREDIT RIVER 

1965 



TABLE OF CONTENTS 



TABLE or CONTENTS 

UST OF FIGURES AND TABLES 



Page 
1 
It 



INTRODUCTION 1 

CHAPTER I - SUMh^ARY AND RECOMMENDATIONS 3 

CHAPTER n - BACKGROUND CONSIDERATIONS 6 

CHAPTER ni - WASTEWATER ASSIMILATION U 

CHAPTER IV - CONCLUSIONS 22 



APPENDIX A - 

APPENDIX B - 

APPENDIX C - 

APPENDIX D - 



DISCUSSION OF FIELD AND LABORATORY 

DATA 26 



DROUGHT FLOW PREDICTIONS 
WASTE ASSIMILATION FORMULAE 
ABBREVIATIONS 



37 
42 
44 



LIST OF FIGURES AND TABLES 



Figure No. 
III-l 

ra-2 

III- 3 
III- 4 
A-l 
B-1 



B-2 



Title Page 

Black Creek sampling Stations It 

5- Day BOD and Dissolved 

Oxygen vs Time l# 

Dissolved Oxygen Profile 

assuming 65% Saturation IS 

Dissolved Oxygen Profile 

under Summer Drought Conditions 17 

Diurnal Dissolved Oxygen 

Fluctuations t^ 

Credit River - Cataract Gauge 

Drought Duration vs Severity If 

Credit River at Cataract - 

Hydrograph 41 



Table No. 

m-1 

B-l 



Sampling Station Location 
Summary of Flow Records 






u 



WASTEWATER ASSIIvniATIQN 
BLACK CREEK 

INTRODUCTION 



Black Creek Is a small tributary of the Credit River charactet^ 
Ized by high spring runoff and extremely low drought flows. The efflu- 
ent from the Town of Acton sewage treatment plant and certain treated 
wastewaters from the Beardmore and Company Limited tannery enter the 
creek near Its headwaters. In the past, serious water quality lmpalr>- 
mentj evidenced by malodorous conditions and fish klllsj resulted from 
these sources of pollution. 

Routine sampling of the creek has provided a history of water 
quality variations extending over several years. However, the need for 
detailed Information became readily apparent and lead to a mora Inten- 
sive study of a seven mile section of the stream below Acton. Initially, 
the study program had a two-fold purpose. One objective was to re- 
assess the degree of pollution which exists In Black Creek. The sec- 
ond was to obtain an estimate of the self- purifying characteristics of 
Black Creek under known conditions of pollution loading and stream- 
flow, and from this, develop predictions of water quality under other 
conditions of pollution and stream discharge. 

Faced with growing evidence of ground and surface water pol- 
lution related to the tannery and municipal wastewater disposal pro- 
grams It was agreed among the town council, tannery management and 
Commission officials that an evaluation should be made of the Implica- 
tions of Including part or all of the tannery wastes In the municipal 
treatment program. Prerequisite to such an evaluation, a more basic 
assessment was required of the probable effects that residual compon- 
ents of a treated combination of municipal and tannery wastes might 
exert on Black Creek. 

The report Includes an analysis of the stream purification rates 
and an estimate of an acceptable pollution load under other conditions 
of drought flow and temperature. 

Following the summary and recommendations In Chapter I, the 
second and third chapters deal respectively with basic considerations 
and the development of the wastewater assimilation analyses. The 
fourth concluding chapter Is followed by the detailed supporting ap- 
pendix material. 
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SUMMARY AND RECOMMENDATIONS 



SUMMARY 

Serious water quality Impalnnent related to the discharge of 
treated municipal sewage and tannery wastewaters occurs In Black 
Creek below Acton for a distance of two miles. Various parameters of 
pollution Including dissolved oxygen deficit* BOD5 and chlorides were 
used to trace the adverse quality changes that have been Indicated by 
biological and bacteriological examinations of the stream. 

The drought characteristics of the creek in Its headwaters 
are aptly Illustrated by transposition of data analyzed for low flow 
frequency and probability using the records of the Cataract gauge on 
the Credit River. Water supply takings by the Beardmore tannery ex- 
ert a significant demand on the headwaters of the creek during the 
summer months when critical conditions of drought, temperature, and 
water quality occur downstream. 

Pollution introduced by Acton storm sewers imposes an un- 
reasonable load on the creek which Interferes with use of the stream 
for treated effluent assimilation. During the survey, when a dally 
combined municipal and Industrial BOD5 load of 59 pounds was mea- 
sured, the dissolved oxygen dropped to 1 . 2 ppm at the observed lo- 
cation of the sag 0.4 miles below the treatment plant. Calculations 
indicate that removal of the polluted storm drainage would increase 
the oxygen content to an estimated 4.0 ppm and result In a shift in 
the sag to a point 1.2 miles below the plant. 

During the critical summer drought period, assumed to be re- 
presented by the 7-day low flow experienced once In twenty years, 
oxygen depletion to zero concentration may be expected to extend for 
two miles below Station 4A under the present pollution load which is 
contributed mainly by the Acton sewage treatment plant. 

Under these same drought conditions the analysis Indicates 
that clean stream conditions {4 ppm dissolved oxygen) are possible If 
the dally organic loading from the sewage plant and tannery Is limited 
to 27 pounds of BOD5. This loading is considered applicable only If 
the polluted storm drainage upstream Is removed. It means that In the 
future, as greater population and Industrial wastewater loads are taken 
Into the municipal system, ever-Increasing degrees of sewage treat- 



merit will be necessary to maintain stream quality. 

Diversion of the chloride bearing wastes from the existing 
tannery land disposal program for the purpose of controlling ground 
water contamination with chlorides would result In a problem with 
surface water Impairment below Acton. In studying the suggested 
wastewater segregation and diversion scheme It was found that the 
excessive levels of chlorides would interfere with Irrigation use of 
the stream. 

Under drought conditions, the quantity of water required for 
chloride dilution Is only available downstream at Stewartown. 

RECOMMENDATIONS 

1 . Improved use should be made of Black Creek for wastewater 
disposal by the Town of Acton. The polluted drainage Introduced from 
storm drainage systems above the sewage treatment plant should be 
eliminated and the capacity of the sewage treatment facilities Increa- 
sed to limit the total loading of BOD5 applied to the creek at the pre- 
sent location of the plant. 

2. Expansion of the plant at Us present location should be con- 
sidered using as guidelines the loading limitations contained in this 
report . 

3i, Alternative arrangements should be Investigated for the dis- 

posal of heavy chloride bearing wastes from the tannery. Further use 
of the land surface disposal system at the tannery should be dlscoui>- 
aged. Likewise, Black Creek should not be used to dispose of the 
large quantities of chlorides. 
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CHAPTER n 



BACKGROUND CONSIDERATIONS 



1. INTRODUCTION 

The source of the creek is In a relatively hilly area ap- 
proximately one mile north of Acton. The stream follows a southerly 
course to Fairy Lake (an artificial pond about 64 acres in extent) where 
the flow Is augmented from springs and swamplands along the west and 
south shore of the lake. The outflow is regulated by the company at a 
dam on the south-east side of the pond located above the significant 
sources of pollution in Acton. 

Black Creek drains the southern portion of Acton, flowing 
adjacent to the tannery, and continues easterly In the Township of Es- 
quesing passing through the communities of Llmehouse and Stewartown. 
It Joins Silver Creek at Georgetown and the combined flow eventually 
enters the Credit River at Nerval about twelve miles below Acton. The 
Town of Streetsville is located 25 miles downstream from Acton. 

2. PHYSIOGRAPHY OF THE WATERSHED 

Black Creek rises at an elevation of 1,200 feet above sea 
level and flows at an average gradient of approximately 45 feet per mile 
to Us confluence with Sliver Creek at elevation 760 feet. Although the 
average gradient would suggest that the streamflow is quite turbulent 
the stream is divided Into sections of rapid and quiescent flow. 

The glacial geology of the watershed Is rather complex. 
The stream originates in a spillway through which it flows to a point 
south-east of Acton. It then passes through the Caledon Till Morratne, 
the Limestone Plain, the Niagara Escarpment and has its confluence 
with Silver Creek In the Peel Till Plain. 

3. LAND USE 

A land use survey conducted in 1956 by the Conservation 
Authorities Branch, Department of Planning and Development established 
the following distribution of land In the watershed of the Credit River. 



Forested 


16.3% 


Pastured 


29.7% 


Cultivated 


44.7% 


Other Uses 


9.6% 



The relatively high percentage of cleared land contributes to 
high spring runoff/ and because of the lack of natural storage and re- 
tention by root systemsf extremely low summer drought flows are en- 
countered In surface streams of the watershed. 

4. STREAMFLOW 

There are no streamflow gauges on Black Creek. The Depart- 
ment of Northern Affairs and National Resources does operate a gauge 
on the Credit River at Cataract (No, 2 HB) . Discharge data Is avail- 
able from the year 1919 providing a 44-year period of flow record. Al- 
though the drainage area of this gauge Is 82.0 square miles the terrain 
Is similar to that of Black Creek, The records have therefore been ut- 
ilized by transposition according to watershed area to develop drought 
flow predictions (Appendix B) and subsequent evaluation of the waste 
assimilation problem. 

5. WATER SUPPLY 

Beardmore and Company Ltd. draws about 400,000 gpd (0.74 
cfs) for Industrial purposes from Fairy Lake at the control dam. The 
Invert of the Intake line Is located approximately 4.0 feet below the 
maximum operating level of the lake, thus allowing a usable storage 
capacity of 210 acre-feet or 56 million gallons. During the summer 
period no outflow Is allowed from Fairy Lake as storage Is necessary 
for water supply requirements. 

Acton Limestone Quarries Limited has In the past used Black 
Creek as a source of supply for hydraulic stripping of topsoll In quarry 
operations. Water has been drawn at approximately 260 gpm from a 
point Just upstream of Station 5. This system was inoperative through- 
out most of the year 1964. 

Because Black Creek Is used for cattle watering and irriga- 
tion below Acton, maintenance of satisfactory stream quality Is Im- 
portant. Further downstream the Town of StreetsvlUe uses the Credit 
River for municipal water supply. 

6. WASTEWATER DISPOSAL 

(a) Town of Acton 

A system of sanitary sewers serves the developed portion of 
Acton (population about 4,300 persons). With the exception of a small 
section of the Beardmore plant separate arrangements have been made 
by the company for the disposal of tannery and plant sanitary wastes. 
From the section of the plant Involving 80 of the 400 employees sani- 
tary sewage Is conveyed to municipal sewer. Presently, the most slg- 



nlflcant organic pollution Is contributed by the effluent from the muni- 
cipal treatment plant. 

The 250.000 gpd activated sludge plant provides comminu- 
tion, primary settling, mechanical aeration, final sedimentation, slu- 
dge digestion and effluent chlorlnatlon before discharge to Black Cre- 
ek. Routine sampling has indicated final effluent characteristics of 
11.2ppm and IS.Oppm BOD and suspended solids respectively. These 
average values are based on the regular grab sampling program and 
are not representative of the total dally loading. Sewage flows aver- 
age 204,000 gpd. About 4 hours after commencement of the survey the 
chlorlnator malfunctioned and was removed from service. 

Two storm sewers discharging to Black Creek at Main Street 
have Indicated the presence of domestic wastes. The significance of 
this pollution Is discussed In the next chapters. 

{b} Beardmore and Company Limited - Tannery 

The following description of the tannery wastewater disposal 
system is paraphrased from the February 1965 report of the Division of 
Industrial Wastes. 

Both vegetable and chrome tanning operations are employed 
in the processing of cattle hides into shoe and specialty leather. Do- 
mestic sewage (from 320 employees) and wastes from a section of the 
beamhouse, the chrome-tanning process, the dyeing and fat liquoring 
department, the finishing room and buffing department, drain to the 
main sump while wastes from the vegetable lanyard, the carry and dry 
drip operation, and the high chloride wastes from the beamhouse are 
directed to the black liquor sump. 

The wastes In the main sump are pumped to two series pri- 
mary sedimentation ponds, followed by a secondary storage lagoon. 
During the open months wastewater Is sprayed onto fields. In the win- 
ter the wastes are held and stored in this lagoon system which has a 
capacity of about 50,000,000 gallons. Wastes from the black liquor 
sump are pumped to a special storage pond from which the wastes are 
delivered to shallow evaporation and seepage ponds. Weather permit- 
ting, broad irrigation using the ridge and furrow method is carried out 
year round on five acres of cultivated land. 

Investigations have revealed noticeable increases In chlor- 
ides in the ground water over the years. The ground water quality pro- 
blem was believed to have been related to the land disposal practices 
employed by the tannery. In the recent Commission report on the In- 
dustrial waste survey it was suggested that strong chloride wastes 
might be directed to the Acton sewage treatment plant. This practice 



would reduce the ground water pollution, but Involve the discharge of 
large quantities of chlorides to Black Creek. 

In the next chapter, this aspect of the stream pollution pro- 
blem is given particular attention. 

7. WASTEWATER ASSIMILATION INVESTIGATION 

The Streeter^Phelps theory of analysis of decay of organic 
pollution In streams was used to establish the relationships between 
the addition of oxygen consuming pollution at Acton and the resultant 
water quality changes that occur several miles downstream. The waste- 
water assimilation problem Involved two aspects, namely; a measure 
of the rate of organic waste purification In the stream, and the study 
of patterns of chloride dilution for seven miles below Acton. 

The principle field data used to establish the rates of purifi- 
cation and the subsequent quality predictions were obtained over the 
period from September 9-11, 1964. The findings of a biological survey 
carried out in March 1964, are reported In Appendix A to supplement 
the chemical and physical water quality Investigations. Reference 
should be made to Appendix A in which the field and laboratory results 
are summarized. Appendices B and C contain respectively the Drought 
Streamflow Analysis and the Wastewater Assimilation Formulae used in 
the development of Chapter III. 
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CHAPTER HI 



WASTEWATER ASSIMILATION 



In this chapter, the reduction of both the oxygen consuming 
non-conservattve organic pollutants and the conservative-type chlor- 
ide Impurities are considered. The various steps taken In computation 
and analysis of the oxygen sag equation are discussed and the survey 
findings applied to other varying conditions of streamflow, temperature 
and pollution load. 

Whereas conservative pollutants are affected only by dilution 
In the stream/ BOD Is reduced by blochemlcal-oxldatlve processesi 
sedimentation and dilution. In applying the Streeter-Phelps formula- 
tion to the assimilation of BOD In the creek, estimations are required 
of the rate at which organic pollution Is removed In deoxygenatloni 
and also of the rate at which reoxygenatlon or reaeratlon occurs. The 
two rate constants derived are used to define the results of the Inter- 
action between the added pollution and the natural recovery processes 
under present and possible future conditions. 

As applied the deoxygenatlon rate constant {ki) takes into ac- 
count the overall rate of BOD removal/ combining removal by biological 
and physical processes. On the other handi the reaeratlon rate Ck2) 
applies to the rate of oxygen absorption from the atmosphere and for 
this analysis includes oxygen Imparted from other sources including 
photosynthesis. No attempt has been made to differentiate between 
the various sources and sinks of dissolved oxygen. In the subsequent 
analysis and calculations the rate constants were estimated over the 
entire Reach (4A-9). 

FIELD SURVEY PROGRAM 

Thirteen (13) sampling stations were established commencing 
at the outlet from Fairy Lake and proceeding downstream approximately 
6.8 miles to Stewartown. The stations are shown In Figure III-l and 
described In Table III-l 

Whereas at Station lA Black Creek Is in a relatively unpol- 
luted state, the creek at Station 1 has received polluted drainage from 
the town. The field and laboratory data at Stations 2, 4, 4A, 5, 6, 7, 
9, and 10 show the effect of the discharge from the municipal sewage 
treatment plant and the tannery drain. 
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The field work required two five men crews working twelve 
hour shifts from September 9th to 11th, 1964. At four hour Intervals 
samples and field measurements were made at each creek station. 
Three hour samples of the treatment plant effluent were composited 
over each twelve hour period. A total of 148 chemical samples were 
collected for analysis Including 5- Day BODj nitrogens, phosphorus, 
chlorides and total, suspended and dissolved solids. The character- 
istics studied In the field Involved dissolved oxygen, temperature,- 
veloclty and discharge, and time of travel (using fluorescein dye) a- 
long the length of the stream. 

Velocity measurements were made at mid depths (d less than 
0.5 feet) and at 0.6 depth where the stream depth exceeded 0.5 feet. 
Discharge calculations were made using the velocity area method of 
the U.S. Geological survey. Sewage flows were obtained from the 
meter records at the sewage treatment plant. The overflow from the 
tannery disposal system was measured at Its Junction with the creek. 

Sampling for chloride determinations was carried out subse- 
quently on October 14th, 1964. 



Sampling Station Locations - Table ni-1 

Drainage Mileage from 

Station Location Description Area (ml^j S.T.P. 

lA 2nd St. E. of Fairy Lake, Acton 4.3 0.87 

1 100" upstream from STP effluent - 0.02 

STP sewage treatment plant effluent 0,00 

t 20' downstream from STP effluent 6.57 

3 tributary draining Industrial pond 

area 

4 100' below plant effluent 
4A 0.4 miles below plant effluent 

5 at 3rd line Esqueslng Twp. 
:S; at 4th line Esqueslng Twp. 
7 at 5th line Esqueslng Twp. 
i tributary at 6th line bridge 
ft; at 6th line most northerly bridge 

in at 1st bridge upstream from Mill 

Pond at Stewartown 



6.57 


0.02 


7.97 


0.4 


8.26 


0.59 


9.20 


1.19 


10.31 


2.22 


21.50 


4.18 


23.60 


6.8 



1,3 



2. SURVEY FINDINGS 

Determination of Rate Constants and Location of Critical 
Oxygen Deficit at Survey 

Reach 4A-9 

The calculation of ki (see Appendix C for formulae used In 
analysis) takes Into account the major sources of pollution Including 
the load from the sewage treatment plant* the tannery drain and addi- 
tions of BOD from either sludge deposits, or possibly the Influence of 
contaminated ground water entering In the Range (4-5) • 

- results of calculations: 

k]^ = 1. 32 per day 
k2 = 2.26 per day 

river temperature - 1 8° Centigrade 

The high value for kj suggests that biological extraction may 
have been an Important factor In the reduction of BOD In the stream. 

Figure III- 2 depicts the rate of BOD removal In the stream and 
includes a plot of the computed oxygen sag curve. This may be com- 
pared with the observed values of dissolved oxygen. 

Because of the Influence of pollution Introduced above the 
sewage treatment plant, either by dry weather discharges from storm 
sewers or by some other undetermined oxygen consuming factor , the 
oxygen content of the stream immediately above the treatment plant is 
seriously depleted (23 per cent saturation at 18°C). From the observed 
oxygen datar the lowest point on the sag curve (1 .2 ppm) occurs near 
Station 4A about 0.1 days below the treatment plant. 

3. ESTIMATED MAGNITUDE AND LOCATION OF OXYGEN SAG ASSUMING 
CONTROL OF POLLUTION SOURCES UPSTREAM FROM SEWAGE PLANT 

The removal of this pollution which now results In significant 
Impairment of the creek before the major load Is applied at the plant 
outfall would undoubtedly permit better use of the waste purifying cha- 
racteristics of the creek. In the remainder of this chapter It Is consid- 
ered that the known pollution sources are brought under control thereby 
Increasing the saturation value to an estimated 65 per cent before the 
application of any load. 

Using this assumed oxygen regime in the creek and the load* 
temperature and streamflow conditions at the time of survey, the fol- 



i* 



lowing results are obtained: 



magnitude of oxygen content 
at sag - approximately 4.0 ppm, 

location of sag - approximately 
0.3 days below plant (Station 6). 



The oxygen profile under these condltloris Is shown In Figure 
ni-3. 



4. MAGNITUDE ftND LOCATION OF OXYGEN SAG UNDER SUMMER 
STREAMFLOW AND TEMPERATURE CONDITIONS 



From Appendix Bi the 7-day average low flow with a return 
period of 20 years Is calculated to be 0.134 cfs per square mile. 



oxygen saturation above plant discharge - 
assumed 6S per cent. 

creek, temperature - 2S'^Ci 

load measured at survey. 



Case (a) With no discharge from dam at Fatry Lake (all waters trib- 
utary to creek above the dam retained In head pondr except 
for diversion from tannery which Includes cooling, etc, waters 
entering downstream from dam) . 

Case (b) Hypothetical case - Fairy Lake dam removed with total nat- 
ural flow available In the stream at the sewage plant. 



Both the cases depicted in Figure 111-4 Indicate that once In 
twenty years « or about five per cent of the time. It Is probable that the 
creek would be septic (zero oxygen content) for a distance of four miles 
below Station 4A. With the exception of the assumed oxygen content 
of 6S per cent before load, Case (a) can be regarded as representative 
of a typical contemporary summer situation. Comparison of the two 
cases clearly Indicates that although the Fairy Lake diversion worsens 
the quality situation to a degree during the summer, the probability of 
adverse conditions In any dry season Is heightened because of the 
lack of natural streamflow at this point In the watershed. 
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FIGURE m-3 
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5. ACCEPTABLE ORGANIC LOADS (LBS-BODs) UNDER VARIOUS DROUGHT 
SITUATIONS {temperature. Initial oxygen saturation and diversion 
conditions similar to Case (a) above.) 

minimum acceptable oxygen content of 
stream - 4.0 ppm. 

The results for the 7-day average low flows are tabulated as 
follows: 

Drought Flow Consecutive 7-day Drought Max. Allowable 

Return Period Flow - cfs per sq. ml. BODF^-Load lb/da y 

once In 5 years 0.167 34 

once In 10 years 0,146 2S 

once in 20 years 0.134 27 

The 7 day-20 year drought flow happens to correspond to the 
1 day>-10 year drought flow. This would suggest that If the loading 
were limited to 27 lbs BOD5 the 4.0 ppm objective would probably be 
exceeded once every 10 years. There is not a wide spread in the al- 
lowable loading rates confirming that the stream readily reacts to very 
slight Increments In organic loading. Under these three conditions of 
drought flow and pollution load the location of the oxygen sag approx- 
imates 0.1 5 days in each case. 

6. REQUIRED WASTE TREATMENT EFnCIENCIES - PRESENT AND FUTURE 

(a) Under present conditions of load and treatment capacity 

From section (5) - acceptable BODs-lbs 27 

Amount BODs contributed by upstream sources 3 lbs 
Amount BOD5 contributed from tannery drain 9 l bs 

12 lbs 
Allowable loading from Acton sewage treatment 

plant 1 5 lbs 

Considering a design flow of 240,000 gpd and a raw sewage 
strength of 160 ppm the required treatment plant efficiency Indicated is 
96 per cent. At present under a hydraulic loading of 204,000 gpd the 
plant provides an indicated efficiency of 91 per cent. 

Attention Is drawn to the low strength of the raw sewage re- 
flecting heavy sewer infiltration. During periods of heavy runoff de- 
creased efficiencies are common and sludge carry-over to the stream 
occurs. If the sludge settles In downstream pools which is indicated 
from the field data, the oxygen demands from these accumulations will 
contribute to the pollution load at other times and conceivably Increase 
the probability of adverse quality conditions in the receiving stream. 
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(b) Future Conditions 

In this section It Is assumed that the beamhouse wastes are 
diverted to the municipal system and result In the following additional 
load on the treatment plant. 

added flow " 72,000 gallons per day 

BOD5 - 720 lbs per day 

suspended solids - 700 lbs per day 

sodium chloride - 6.000 lbs per day 

Further, It Is assumed that control Is extended over the up- 
stream pollution and that the tannery drain effluent Is eliminated. 

In addition to increased hydraulic capacity, the treatment pro- 
cess would be required to handle a load of 380 + 720 = 1,100 lbs of 
BOD5 at a removal efficiency of 97.5 per cent. 

By the year 1981, the town population may Increase to 4,900 
persons. Presuming no change in the Industrial load factor, a total 
BOD5 of 1,700 lbs could be expected at the treatment plant. The 
limitation of 27 lbs BOD5 In the treated effluent would predicate re- 
moval efficiencies of 98.5 per cent. 

7. SIGNIFICANCE OF CHLORIDE DISPOSAL IN THE CREEK 

Consideration of an acceptable chloride concentration In Black 
Creek must be related primarily to existing and potential water uses on 
the stream below Acton. A detailed investigation has shown that live- 
stock watering and Irrigation are the two major uses with Increased 
Irrigation application a future probability. 

There are nine farms using the creek for livestock watering 
and three farms employing irrigation works. From Appendix A, it is ap- 
parent that present chloride levels range from 250 to 300 ppm for about 
one and one quarter miles below the industrial wastewater load point. 

A search of the literature on allowable chloride concentrations 
for these uses has revealed the following: 

Limiting Concentration 
Type of Use as CI in ppm 

livestock - cattle 1,500 

irrigation 174 - 250 

The Commission drinking water objective Is 250 ppm. 
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This Information would Indicate that irrigation usage of the 
creek will limit Its use for wastewater disposal such that a downstream 
concentration of 250 ppm Is not exceeded. 

Using the alternative of segregating a portion of the tannery 
wastes and disposing of these In the municipal system, a waste volume 
containing 3,700 lbs of chloride would be involved. Considering the 
natural chloride content of sewage and presuming no reduction In treat- 
ment* a total of 3, 900 lbs would be discharged in the plant effluent 
daily. Under drought* average 7-day low flow conditions with a return 
period of 20 years, such a discharge would produce a chloride concen- 
tration of about 800 ppm in the stream below the plant. Reduction to 
250 ppm would require a diluting flow of 2.9 cfs which is obtained in 
the creek only at Stewartown. 
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CHAPTER IV 



CONCLUSIONS 



During the field survey, Black Creek exhibited serious Impair^ 
ment below Acton for approximately two miles. Dissolved oxygen lev- 
els were generally depressed and dropped to a minimum of 0.8 ppm 
(survey average -1.2 ppm) at the observed critical Station 4A, while 
5-day BOD concentrations were excessive. Organic enrichment was 
evident below the municipal sewage treatment plant. Biological studies 
have Indicated that only pollution tolerant organisms survive down- 
stream from the sources of pollution In contrast with a variety of pol- 
lution tolerant and intolerant organisms upstream. Bacteriological ex- 
amination showed the presence of high numbers of collform organisms 
throughout 80 per cent of the stream length under study. 

These adverse conditions were mainly attributed to the organic 
loading discharged by the sewage treatment plant. Overflow and prob- 
able seepage from the tannery waste disposal system contributed to the 
organic load and significantly raised the chloride content of the stream. 
Upstream from the sewage plant depressed dissolved oxygen and high 
collform levels confirmed the effects of pollution known to be entering 
the creek from storm drainage systems and tannery sources in Acton. 

Transposition of the streamflow data at the Cataract gauge on 
the main stream and application of this Information In the analysis of 
probable drought flow conditions at Acton Illustrates the very low flow 
regimes that exist In the creek. Use of the stream for wastewater dis- 
posal at Acton is frequently in conflict with use for water supply put^ 
poses. In addition to downstream water uses, tannery water needs 
drawn from Fairy Lake require the restriction of all outflow during sum- 
mer periods when water quality is most critical. Although this restric- 
tion la not absolute, as tannery cooling waters and other relatively 
clean wastewaters are discharged below the dam and above the treat- 
ment plant, these waters are not very beneficial because of deficiency 
In oxygen content. The insufficiency of natural streamflow at this 
point in the headwaters of the creek predicates that polluted waste- 
waters receive a high degree of treatment before discharge to protect 
stream quality. 

The combined influence of the sewage laden stormwater dis- 
charges and the miscellaneous tannery wastewaters Is sufficient to 
depress the oxygen content of the stream to very low levels causing 
the small creek to labour under a heavy liability even before the treat- 
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ment plant and tannery drain {Station 3) loads are applied. Removal of 
the upstream oxygen consuming pollution ts essential If optimum use Is 
to be made of the creek's headwaters for wastewater dlsposal.lt should 
be realized that from the point of stream use alone the application of 
an untreated sewage load via the upstream storm sewers Is less econ- 
omical than the discharge of an equivalent treated load at the sewage 
treatment plant. 

At the time of survey In Septemberi 1964( the oxygen profile 
was depressed to 1 . 2 ppm at the sag locatloni Station 4A, 0.4 miles 
below the points of load. Calculations are presented to Indicate the 
probable effects of control of the upstream pollution whereby the pol- 
luted storm drainage Is Intercepted for treatment. "Under the assumed 
clean stream conditions that would then prevail, application of the cal- 
culated purification rates have Indicated that the magnitude of the oxy- 
gen profile at the sag could be improved to about 4.0 ppm and that the 
sag point would shift to Station 6i 1.2 miles below the treatment plant 

Extension of this analysis to summer drought conditions* again 
assuming clean upper stream conditions (65 per cent saturation above 
the sewage plant)f suggested the probability of complete oxygen deple- 
tion In the stream for a distance of 2 miles below Station 4A under the 
present organic pollution load. 

These studies then led to determination of an acceptable org- 
anic waste loading under probable summer drought assuming an aveiv 
age minimum dissolved oxygen content of 4.0 ppm. This objective 
represents the dally average and not the minimum average condition 
which would require a more stringent design approach by taking Into 
account the diurnal fluctuations In dissolved oxygen. The probable 
drought chosen {a consecutive 7-day period occurring once every 20 
years) Indicates an allowable dally loading of 27 lbs of BOD5 which 
may be compared to 59 lbs per day measured at survey. If account Is 
taken of the present Industrial load (tannery drain), the load from the 
town should be limited to 18 lbs BODs at the present time. Improved 
treatment efficiency Is clearly needed at the sewage treatment plant. 

The addition to the municipal system of any organic load from 
segregated tannery wastewaters would require correspondingly higher 
BOD removal capacity at the sewage treatment plant. Slmllarlyi as 
greater domestic organic loads are Included in the municipal system 
with future population tncreasesi higher removal capacities will be es- 
sential at the treatment plant to maintain the receiving stream qual- 
ity. 

In considering the problem of ground water contamination re- 
lated to the existing tannery waste disposal system/ the possibility of 
using the municipal sewage works for treatment of pretreated tannery 



wastes wtth ultimate discharge to Black Creek has been considered. In 
such a plan only a portion of the total tannery wastewater flow should 
be considered for diversion to municipal sewers because of the great 
volumes Involved. This presumes that the heavy chloride bearing wa- 
stes would be removed from the tannery's land disposal program which 
Is generally adequate in handling and disposal of organic wastewaters. 

Unfortunately! Introduction of the more concentrated waste 
chloride streams Into municipal sewers and eventually the creek> would 
overtax the stream's capacity to carry the Increased chloride content 
without damage to quality and downstream uses. Insufficient dilution 
water Is available In the creek at Acton to reduce the chloride contam- 
ination. Present chloride levels are close to and probably somewhat In 
excess of desirable concentrations in streams when the limiting con- 
centration Is based on irrigation use. The natural streamflow required 
to dilute the chloride wastes that would be contained in the suggested 
segregation program Is attainable under drought conditions only about 
7 miles downstream In the vicinity of Stewartown. 
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APPENDIX A 
DISCUSSION OF FIELD AND LABORATORY DATA 

PHYSICAL AND CHEMICAL PARAMETERS 



TEMPERATURE 

The average temperature remained fairly constant from Sta- 
tions lA to 6. At Station 7 the temperature dropped to 16.4°C but the 
Influence of warmer waters from the tributary between Stations 7 and 9 
raised the temperature to 18.3°C at Station 9. 

Summary of Temerature Data (°C) 

Station. Average 

lA 
t 

STP 
2 

S 

4 
I 



i 

10 



17. 


7 


18. 


,2 


18. 


.3 


18. 


,2 


20. 


,2 


18. 


,4 


18. 


,0 


18, 


,0 


17, 


.8 


16, 


.4 


19, 


.5 


IB. 


.3 


17, 


.2 



Maximum 


Minimum 


20.5 


15.5 


19.5 


17.2 


19.0 


18.0 


19.5 


17.0 


24.0 


17.0 


20.0 


17.0 


19. S 


16.5 


19.5 


16.0 


19.5 


16.0 


18.0 


15.0 


22.0 


18.0 


21.5 


16.0 


20.5 


15.0 



For calculation purposes an average temperature of 18°C was 



assumed. 



DISSOLVED OXYGEN 



The following summary of dissolved oxygen data reveals that 
at Station lA immediately below Fairy Lake the average dissolved oxy- 
gen concentration was 6.1 ppm (63% saturation), possibly reflecting 
the effects of storage In Fairy Lake. At Station 1 above the sewage 
treatment plant the dissolved oxygen was found to be very low - 2.14 
ppm (18.2% saturation). These depressed values reflect the Influence 
of upstream pollution. 
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Both the sewage treatment plant effluent and the tannery ef- 
fluent were characterized by low dissolved oxygen, A large deficit or 
sag developed at Station 4A. Rapid recovery occurred below this point 
until at Stations 9 and 10 dissolved oxygen concentrations approached 
saturation. 

Figure A-1 shows the effect of photosynthesis and plant re- 
spiration on the oyxgen levels in the creek. Aquatic vegetation is 
primarily responsible for the differences that occur between samples 
collected during daylight hours and those collected after dark. 



Summary of Dissolved Oyxgen Data 







D.O. 


Concentration 


.{ppsil 


Avq. D.O. 


Deficit 




Avg. 












Station 


Temp, 


Average 


Maximum 1 


Minimum 


1 lbs 


ppm 


lA 


17.7 


6,1 


7.6 


5.1 


2.71 


3.70 


1 


18,2 


2.14 


3.13 


1.77 


78.0 


7.25 


Acton STP 














Outfall 


18.3 


2.61 


3.35 


1.77 


17,4 


6.86 


2 


18.2 


2.69 


3.14 


2.16 


91.0 


6.80 


3 


20,2 


2.69 


3.53 


2.35 


11.2 


6,40 


4 


18.9 


2.89 


3.53 


2.35 


100.0 


6.60 


4A 


18.0 


1.21 


1.96 


0.76 


110.0 


8.30 


5 


18.0 


2.93 


3.54 


1.96 


131.0 


6.70 


6 


17.8 


3.14 


4.70 


1.96 


116.2 


6.50 


7 


16.4 


5.62 


8.25 


3.92 


56.8 


4.30 


8 


18.5 


7.26 


8,00 


6,47 


5.73 


1.90 


9 


18.3 


8.07 


15.5 


4.5 


16.0 


0.61 


IQ 


17,2 


8.18 
Objective - 


13,10 
Not less than 4 


4,5 
.0 ppm. 


48.4 


1.50 






BIOCHEMICAL OXYGEN DEMAND 







The effects of the addition of BOD from the sewage plant and 
the tannery discharge are readily evident In the following tabulation. 
Elevated values were encountered in the stream at Stations 4AandS 
and could reflect demands related to sludge deposits or Inflowing pol- 
luted ground water. These apparent additional liabilities were taken 
Into account for calculations of the k coefficients and dissolved oxy- 
gen profiles and were not included in the prediction analysis. 
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CO 




Suminarv of BOD Data 











5- Day BOD 








Station 






Averaq 


S. 


Maximum 




Minimum 






(ppm) 


abi 


3 per day) 


tppm) 






(ppm) 


lA 




2.0 




1.5 


9.0 






0.8 


i 




1.3 




13.9 


3.6 






0.5 


STP 




18.7 




49.4 


21.0 




17.0 


2 




7.7 




103.0 


11.0 






5.0 


i 




5.6 




9.8 


11.0 






3.0 


« 




7.5 




113.5 


15,0 






4.8 


411 




12.6 




166.5 


24.0 






6.8 


t 




11.2 




218.0 


18.0 






7.2 


fi 




5.6 




99.6 


11.0 






2.3 


i 




1.2 




15.9 


3.6 






0.5 


i 




0.4 




1.3 


0.9 






0.2 


s 




0.7 




19.4 


1.4 






0.4 


m 




0.7 




23.9 


1.1 






0.3 








NUTRIENT MATERIALS 










To 


Summary of Nitrogen and Phosphorus Data 


al 






tal 








Tot 


Sol. 


Stn. 


Kleldahl 
(ppm) 


Ammonia Nitrite 


Nitrate 


Phos. 


Phos. 




(ppm) 


tppm) 


(ppmj 


(ppm) 


(ppm) 


Uk 


0. 


,B6 


0.35 


0.008 


0.37 


0. 


,24 


0.08 


1 


0. 


,85 


0,14 


0.017 


1.31 


0, 


.43 


0.33 


STP 


27. 


,7 


21.0 


0.14 




26. 


,9 


23.8 


2 


11, 


,7 


8.S 


0.04 


0.94 


8. 


,0 


8.2 


'^ 


10, 


,7 


7.9 


0.10 


tr 


0. 


.34 


0.22 


■*■ 


9, 


.3 


7.6 


0.09 


0.69 


7. 


,8 


6.8 


m 


8, 


.1 


5.5 


0.42 


0.56 


6. 


.4 


5.6 


If 


3, 


,8 


2.6 


0.24 


1.49 


5. 


.6 


5.2 


::« 


2, 


.8 


2.1 


0.21 


1.41 


4. 


.B 


4.6 


r 


0, 


.69 


0.12 


0.02 


1.9 


2, 


.73 


2.04 


« 


0, 


.71 


0.12 


0.0 


0.04 


0, 


.12 


0.11 


3 


0. 


.62 


0.13 


0.003 


1.6 


2, 


.18 


2.13 


10 


0. 


.53 


0.11 


tr 


1.31 


1. 


,39 


1.31 



Domestic sewage contains a significant amount of protein 
matter which is relatively rich in organic nitrogen and phosphorus 
compounds. Modem sewage treatment methods Including the activated 
sludge process are relatively inefficient in removing these materials. 
Nitrogen and phosphorus are necessary ingredients for plant growthj 
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howeverj when these materials are present In sufficient quantities they 
tend to Etlmulate or accelerate the growth rate when other environ- 
mental conditions are suitable to a point where the plant life Instead 
of being an asset and supporting wildlife becomes a nuisance, destroys 
aesthetic values adversely affecting fish and wildlife as well as nor- 
mal uses of the receiving water. In facti when the photosynthetlc pro- 
cess Is reversed and plants draw on the oxygen resources of the water, 
the presence of profuse growths of aquatic plant life could reduce the 
dissolved oxygen in a stream during night hours to a level danger- 
ously close to what Is required for the survival of aquatic life such as 
fish. Nitrogen and phosphorus compounds also gain access to surface 
waters by drainage from fertilized lands. Contribution of nutrients to 
Black Creek from agricultural drainage may be reflected by the char- 
acteristics of the tributary stream (Station 8). 

Nitrogenous compounds successively break down from org- 
anic nitrogen through free ammonia to nitrite and nitrate. Tho latter 
two compounds result from the action of nitrifying bacteria. The pre- 
sence of free ammonia in significant amounts i.e. greater than 0.10 
ppm is an Indicator of relatively fresh pollution. 

The nitrogen levels In the stream were indicative of the nor^ 
mal nitrogen cycle. 

At upstream stations total KJeldahl (organic nitrogen) and 
free ammonia levels were fairly high, characteristic of the outflow from 
the nutrient enriched lake. After the high nitrogen bearing sewage ef- 
fluent and Industrial wastes were added, dilution and biological re- 
duction proceeded to reduce the total KJeldahl and free ammonia con- 
centrations. The nitrite levels increased to a maximum of 0.42 ppm at 
Station 4Aand then tapered off. The high upstream levels of nitrate were 
probably due to anaerobic decomposition of nitrogenous material in 
Fairy Lake. Downstream from the treatment plant the nitrate levels in- 
creased to a maximum of 1 . 9 ppm at Station 7. 

The total soluble phosphorus concentrations were high a- 
bove the plant effluent and were significantly increased by the sewage 
plant and tannery discharges. Reduction downstream was much more 
gradual than the organic nitrogen reduction and would appear to reflect 
dilution and uptake by biological processes. 

In general the wastewater discharges increase the nutrient 
levels In Black Creek to produce a very suitable environment for aqua- 
tic growths. Evidence of this phenomenon was reflected In the daytime 
supersaturated values of dissolved oxygen at Stations 9 and 10 and the 
nightly depression of oxygen affected by respiration of algae and other 
green plant growths. 
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SOLIDS 








Summary of Solid Coi 


ncentratlons 






Total 




Suspended 


Dissolved 


Station 


Solids 
(ppm) 




Solids 
(ppm) 


Solids 




(ppm) 


lA 


384 




22.6 


362 


1 


698 




2.3 


696 


STP 










Outfall 


586 




12.7 


573 


2 


672 




4.7 


667 


1 


2,380 




21.8 


2.360 


4 


870 




3.5 


867 


4A 


856 




9.8 


806 


S 


824 




4.8 


777 


6 


767 




2.6 


764 


1 


653 




2.7 


650 


8 


327 




12.2 


312 


9 


624 




1.6 


622 


10 


555 




2.8 


552 



The suspended solids and turbidity levels are fairly closely 
related. At all points in the stream the suspended solids were fairly 
low with a typical decrease In the downstream stations. 

Increases in dissolved solids from 362 ppm at Station lA to 
698 ppm at Station 1 were noted. Chloride bearing waters from the tan- 
nery waste retention pond area may be responsible for this Increase. 
The slight reduction at Station 2 Is likely due to addition of the treat- 
ment plant effluent which served to dilute the dissolved solids con- 
centration In the creek. At Station 4, howeveri an abrupt rise to 867 
ppm was noted as a result of the Influence of the tannery effluent. 
Thereafter gradual reduction occurs below Station 4. 



COLIFORM CONTENT 

Logarithmic averages of the Membrane Filter total collform 
counts were calculated to reduce the effect of extreme values. Immed- 
iately downstream from Fairy lake the total collform counts exceeded 
the OWRC objective of 2,400 collforms per 100 ml. High collform 
levels were found In the sewage treatment plant effluent since thfi 
chlorlnatlon equipment was In-operatlve during most of the survey. 
Consequently, the average collform density at Station 2 was 377,000 
organisms per 100 ml. A high average collform population was observed 
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In the Industrial waste drain. At Station 4 the conforms were reduced to 
56rB00 organisms per 100 ml. The collform density rose again at Sta- 
tion 4A but dropped as the time of travel Increased. The log average 
collform densities were below 2,400 organisms per 100 ml at Stations 7 
and 9* but only Station 10 above Stewartown indicated satisfactory con- 
ditions on the four samples examined. 





M.P. Collform per 


100 ml 


Station 


Average* 


Maximum 


Minimum 


lA 


137,200 


720,000 


7,000 


I 


5,020 


41.000 


510 


STP° 




870,000 


150,000 


2 


377,000 


940,000 


121,000 


t 


41,400 


740,000 


8,000 


i 


56,800 


202,000 


2,700 


m 


207,500 


430,000 


110,000 


S 


101,000 


210,000 


46,000 


6 


8,040 


70,000 


1,520 


f 


1,685 


9,000 


720 


ft 


498 


2,100 


270 


f 


1,030 


8,000 


370 


10 


973 


1,500 


5B0 




* logarlthmli 


D average 






Z samples 


only 





CHIDRIDES 

Data on chloride levels In the stream was gathered during the 
1963 survey and confirmed by grab samples on October 14th, 1964. 

The normal chloride levels in the creek were considered to be 
characterized by the quality of the tributary stream (Station 8) and of 
Black Creek above the tannery. An Increase (of approximately 560%) In 
chloride levels was noted on October 14th, 1964 from Station lA to Sta- 
tion 1. This was attributed to seepage of industrial wastes. A reduction 
In chlorides occurs immediately below the treatment plant discharge due 
to dilution. Marked Increases In the chloride content at Station 4 were 
due to the tannery effluent. A gradual reduction In chlorides was noted 
downstream to Station 10. 
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Summary of Chlorides 



Station 



i 



:4; 

f 
S 
9 



Chlorides 


Chlorides 


ppm 


ppm 


Feb./63 


Oct. 14/64 


^ 


13 


■14 


m 


*» 


28 


ii«^ 


157 


im 


63 


mf 


120 


m 


905 


Mi 


254 


m^ 


280 


ms 


270 


ms 


262 


im 


184 


m 


- 


M§ 


IBS 


XM 


150 



BIOLOGICAL 



Examination of the forms of life in bottom deposits provides 
an excellent indication of the effects of long term pollution, that Is, 
the types and numbers of Individuals of certain species provide a his- 
tory of pollution in a particular section of stream. The discharge of or- 
ganic waste materials depletes the natural oxygen contents thereby el- 
iminating sensitive organisms which cannot survive at low oxygen lev- 
els. Some forms of life have special adaptations such as snorkel tubes, 
etc. which allow them to survive with very little dissolved oxygen pre- 
sent. The nutrient materials discharged with the wastewater encourage 
the growth of these organisms. 

Therefore, in an unpolluted reach of a watercourse an Invest- 
igator could expect to find a variety of species but low numbers of in- 
dividuals with a few pollution tolerant species and facultative organ- 
isms. Conversely, In a polluted reach there would be only a few spe- 
cies, all of which would be pollution tolerant with a large number of In- 
dividuals. 
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Summary of Biological Data 





Number 


of 










Genera 


Number of 


Number of 


% Tolerants 




Species 


Individuals 


Tolerants 


of Total 


Station 


Per Ft 2 


Per Ft : 


t 


Per Ft 2 


Number 


Control 


10 


239 




23 


10 


1 


11 


111 




4 


4 


2 


5 


720 




576 


80 


3 


10 


124 




112 


90 


4 


6 


9,220 




9,220 


100 


4A 


10 


2,934 




2,911 


90 


5 


13 


634 




351 


57 


6 


10 


306 




151 


49 


9 


18 


717 




346 


48 


10 


8 


542 




133 


25 






Tolerant s - 


Chlronomlds 








Intolerant s - 


Stone ] 


Fly Larvae 





Black Fly Larvae 
Dragon Fly Larvae 
May Flay Larvae 

At Stations 2, 3, 4, 4A and 5 below the treatment plant 
and Industrial effluents the percentage of pollution tolerant species 
varied from 57 to 100 percent with a very large number of pollution tol- 
erant Individuals found at Station 4 and 4A (chlronomlds). Pollution In- 
tolerant organisms Including stone fly, black fly, dragon fly and may 
fly larvae were predominant upstream from the pollution sources. Com- 
mencing at Station 6 recovery of the stream was evidenced by the de- 
creasing percentage of pollution tolerant Individuals. The Influence of 
the Industrial wastes was shown by the almost 16-fold Increase In pol- 
lution tolerant Individuals between Stations 2 and 4 with the simul- 
taneous disappearance of all pollution Intolerants. The control station 
was located on Black Creek at Mill Street immediately downstream from 
Fairy Lake. 

STOEAMFLOW 

The average streamflows experienced over the survey pe- 
riod are compared with the average flows determined on earlier occa- 
sions at the same gauging locations. The flows during the 1964 survey 
were considerably higher than those obtained during the previous win- 
ter when neap-freezing weather conditions were experienced. The av- 
erage flow from the Acton sewage treatment plant during the September 
9-11 survey was 0.488 cfs. 
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In the 1964 program. Inconsistencies in the normal pro- 
gressions of increasing flows with distance downstream were notice- 
able In the average, at Stations 5/ 6 and 7. Considering the physical 
characteristics of the streambed and the geology In these reaches It Is 
possible that flow may have occurred In the streambed which could not 
be measured, or that water may have infiltrated into the fissured lime- 
stone around the gravel pits. This theory Is supported by the fact that 
the Inconsistencies were not experienced during the winter surveys when 
frozen ground conditions would limit losses due to Infiltration. 

The extremely low flow measured at Station lA was related 
to the operation of the dam at Fairy Lake. The Increased flow at Station 
1 results from the discharge of condenser water and the many springs 
in the surrounding swampy area. 

Summary of Average Streamflows (cf s) 





Drainage 


Dec. 2-4 


Feb. 24-25 


Se 


pt. 


9- 


-11 


Station 


Area 
sq. ml. 


1962 


1963 




1964 








Avg. 




cfs/sq.ml 


lA 


^ 


_ 


. 


0.135 






_ 


1 


6.57 


0.43 


O.S 


1.99 






0.303 


3 


- 


0.13 


0.07 


0.32 






- 


4A 


7.97 


- 


1.52 


2.45 






0.278 


S 


8.26 


1.60 


1.4B 


3.61 






0.43B 


6 


9.20 


1.67 


1.59 


3.30 






0,35B 


7 


10.31 


2.71 


2.27 


2.45 






0.238 


8 


- 


- 


- 


0.56 






- 


9 


21.50 


3.66 


2.86 


4.86 






0.226 


10 


23.60 


4.28 


- 


5.99 






0.254 



dye. 



TIME OF TRAVEL 
Two studies were made of time of travel using fluorescein 

Summary of Times of Travel 



Reach 

2- 4 A 
4A-5 
5-6 

6-7 
7-9 
9-10 



Test 1 


Test 2 


(daysj. 


(days) 


0.0694 


.0625 


0.0764 


.0834 


0.153 


0.146 


0.243 


0.261 


0.319 


0.254 



Average 
(days) 

0.0659 

0.0799 

0.149 

0.252 

0.287 



Cumulative 

.066 
.146 
.295 
.547 
.834 



dye Indiscernible 
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DROUGHT FLOW PREDICTIONS 
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APPENDIX B 



DROUGHT FLOW PREDICTIONS 



Flow records for Black Creek were not available and the 
two year period of record for the gauge at Norval on Sliver Creek was 
Insufficient to permit reliable predictions. Therefore, It was necessary 
to make predictions of drought flows on the basis of observed flows for 
the gauge at Cataract on the Credit River. Flow records at this station 
provide a 44 year period of record. In Table B-1 the minimum, average 
annual, and maximum dally flows as well as the average dally flows 
for seven and thirty day low flow periods are tabulated. These flows 
were ranked In descending order and the frequency of occurrence was 
calculated. 

Based on these calculations flow (In cubic feet per sec- 
ond) versus per cent time equalled or exceeded was plotted on log - 
probability paper. From the curves the flows for the 20 year, 10 year 
and 5 year return periods were selected. The summary developed from 
these graphs is depicted In Figure B-1. 

Return Period (years) 
20 10 1 

minimum dally low flow 10.3 11.0 12.0 

7- day average low flow 11.0 12.0 13.7 

30-day average low flow 13.0 15.2 16.0 

36 S-day average low flow 35.6 41.0 47.0 

Note: all flows in cfs. 

Considering that the gauge at Cataract has a drainage area 
of 82.0 square miles the 20 year return period dally flows per square 
mile are as follows: 

minimum dally flow 0.134 cfs/ml^ 

7-day low flow period 0.159 cfs/ml^ 

30-day low flow period 0.126 cfs/ml^ 

The flow contribution per square mile calculated for the 
Cataract gauge was assumed to apply to Black Creek, 

In planning the survey, the timing of the field work was 
based on the low flow pattern depicted by the unit hydrograph for the 
Cataract gauge for the water year 1962-63 and assuming similar flow 
conditions In September, 1964. The validity of this assumption is Il- 
lustrated by the unit hydrograph for the water year 1963-64 depicted In 
Figure B-2. 
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TABLE 


B-1 












SUMMARY OF FLOW RECORDS 








CREDIT RIVER NEAR CATARACT STATION #2HB1 








DratnaQe 


Area - 


82 Square Miles 


















7- Day 


30- Day 


Water Year 


Minimum Average 


Maximum 


Low Flow 


Low Flow 


62-63 


12. 





42.1 




585 


13.9 


15.9 


61-62 


15. 





35.2 




502 


16,0 


19.3 


60-61 


22. 


9 


51 




SIO 


23.1 


26.2 


59-60 


27. 


6 


72. S 




494 


29.0 


31,7 


58-59 


17 




55 




665 


21.4 


23.4 


57-58 


12 




36 




122 


12.1 


15.7 


56-57 


20 




59 




705 


20.0 


21 .2 


55-56 


30 




99 


I, 


,470 


35.0 


41 


54-55 


26 




90 




823 


29.4 


32.9 


53-54 


24 




78 


1 


,030 (e) 


24,0 


32.0 


52-53 


14 




40 




340 


14.1 


20. 


51-52 


18 




52 




494 


18.0 


20.9 


50-51 


14 




60 




953 


14,6 


20.0 


49-50 


14 




77 


1 


,750 


18 


20.4 


48-49 


11 




49 




638 


11 


12.9 


47-48 


11 




56 


1 


,190 


11.1 


15.8 


46-47 


11 




69 




850 


11.0 


21.6 


45-46 


11 




49 




820 


14.0 


15.5 


44-45 


18 




45 




402 


18.0 


18.0 


43-44 


11 




53 




685 


11.4 


17.0 


42-43 


18 




87 




685 


22.4 


34.3 


41-42 


18 




61 


1 


,190 


20.4 


22.5 


40-41 


19 




49 




464 


22.3 


24.3 


39-40 


7 




45 




sao 


8 


8 


38-39 


19 




56 




705 


22.7 


27 


37-38 


10 




52 




473 


14.0 


16.9 


36-37 


13 




73 




790 


20.6 


23.0 


35-36 


19 




46 




- 


19.0 


20.6 


34-35 


16 




65 




660 


16.3 


18.4 


33-34 


17 




70 




730 


19.7 


22.4 


32-33 


16 




66 




- 


24.8 


28.6 


31-32 


15 




34 




280 


15.8 


17.9 


30-31 


13 




22 




- 


14.3 


16.0 


29-30 


13 




79 


1 


,540 


15,1 


16.8 


28-29 


16 




60 




765 


25.1 


27.0 


27-28 


15 




77 


1 


,200 


22,3 


24.0 


26-27 


19. 





62 


1 


,120 


21.3 


24.4 


25-26 


12 




47 


1 


,690 


13.8 


17.1 


24-25 


14 




55 




540 


17.1 


19.3 


23-24 


12 




56 


1 


,160 


14.0 


15.0 


22-23 


15 




60 




665 


19.8 


22.9 


21-22 


20 




54 




800 


23.1 


25.2 


20-21 


12 




55 


1 


,240 


12.6 


i:i.9 
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FIGURE B - 1 

CREDIT RIVER 
CATARACT GAUGE 
DROUGHT DURATION VS. SEVERITY 
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APPENDIX C 



WASTE ASSIMILATION FORMULAE 



The following outlines briefly the formulae used In the waste 
assimilation calculations and the significance of the terms employed. 
The notations presented below follow closely those used by Streeter 
and Phelps. 

D^ = the dissolved oxygen deficit at the point 
of pollution. Initial or reference point. 

D = the deficit at any point distant a time t 
(tn days) from the reference point. 

La == the first stage BOD at the reference point. 

La = the corrected first stage BOD of the refer^ 
ence point. 

ki = 0.4343 Ki = the deoxygenatlon coefficient 
defining the rate of deoxygenatlon. 

k2 = 0.4343 K2 = the reaeratlon coefficient 
defining the rate of reaeratlon. 

t = time of travel. 

t_ = time of travel to the minimum point of the 
oxygen sag curve. 

As described by Streeter and Phelps, the oxygen demand re- 
action or rate of biochemical oxidation of organic matter in a stream Is 
proportional to the remaining concentration of unoxldlzed substance. 
This relationship may be expressed mathematically by the following: 

- _dL_ = kjL 

or 

La = 10"'^^ 

L 
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In a polluted stream the oxygen deficit Is affected by two sep- 
arate reactions. The deficit Increases at a rate expressed by the above 
relationships and decreases by the Influence of reaeratlon at a rate di- 
rectly proportional to the actual deficit. These two reactions may be 
combined mathematically to yield the rate of change In the deficit at 
any time t. 

dD = kiL-k2D 
dt 

The integrated form of this equation defines the oxygen content of the 
water as follows; 

D = kiLa (lO-'^l*- 10"''2t) + Da IQ-^^^ 
^2^1 

With values of D^* La and the k's known, the oxygen deficit may be 
computed for any time downstream and then plotted as a continuous 
curve with time . 



The complete solution of the sag curve Is time-consuming and 
since in many cases the critical point and Its ordlnatei the critical 
time, tc. and the critical depletion Dc are of interest only, the follow- 
ing formulae were developed. 



tn = 



k2-ki 



log k2 
kl 



Da fk9-ki) 
La kl 



J ■= ^i Lb 
K2 

where 

Lb = Lc 
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APPENDIX D 



ftBBREVIATIONS 



BODc - 5-Day Biochemical Oxygen Demand 

^U -I, cubic feet per second 

^ - degree Centigrade 

gpd - gallons per day (Imperial gallon used throughout 

except where noted) 

gpm '- gallons per minute 

lliSi !* pounds 

M.F. - Membrane Filter 

ml " mlUlUtre 

ppm - parts per million 

STP - Sewage Treatment Plant 



^1- 



